1 Five temperate floras were studied to assess to what extent seed size correlations with other plant attributes are consistent across floras. The floras were from three continents: Australia (semiarid woodlands of western New South Wales, arid woodlands of Central Australia, and the Sydney region), North America (Indiana Dunes) and Europe (Sheffield region, UK). The plant attributes used were growth form, plant height, perenniality and dispersal mode. We used general linear models to consider not only the primary correlations between seed size and each other attribute, but also the overlap patterns among correlations to determine if each correlation could be interpreted as a secondary effect via a third variable. 2 Plant height and growth form were consistently correlated with the largest proportion of log seed mass variation (up to 37% in Central Australia). Although there was strong overlap in the amount of log seed mass variation explained by the two attributes (6-22%), each could explain small but significant variation after the other in all floras. The strong association between growth form/plant height and seed size was found not only among unassisted and wind-adapted species, but also among species dispersed by other means. 3 In all floras, dispersal mode was also able to account for significant variation in log seed mass independently of growth form and plant height. The association between plant perenniality and seed size could be explained as a secondary correlation of growth form and plant height with both seed size and perenniality. 4 There were significant differences in log seed mass among the five floras. However, seed size ranged over at least five orders of magnitude in each flora. Differences between floras could account for relatively little (4%) of the variation in seed size between species, compared to the attributes growth form (20%), plant height (20%) and dispersal mode (29%), despite the quite different soils and climates of the five floras. This suggests that seed size is more strongly associated with other plant attributes than with the environmental conditions for establishment. It appears that within any one community, plants have found a diversity of possible solutions to the problems of seedling establishment, resulting in a wide range of log seed mass.
Introduction
Seed size is an important feature of the attribute constellation of a plant species. As lineages evolve and speciate, the possibilities for dispersal and establishment biology must be conditioned by seed size, and conversely natural selection on seed size must be shaped by the dispersal and establishment biology of a species.
There is a variety of experimental evidence that larger seeds are better able to establish or survive as seedlings in the face of various hazards including competition from established vegetation (Gross & Werner 1982; Gross 1984; MacConnaughy & Bazzaz 1987; Reader 1993) , competition from other seedlings (Black 1958) , drought (Buckley 1982; Wulff 1986; Leishman & Westoby 1994a , but see Hendrix & Trapp 1989 , 1992 , shading (Grime & Jeffrey 1965; Hutchinson 1967; Leishman & Westoby 1994b , but see Augspurger 1984) , mineral nutrient shortage (Lee & Fenner 1989 ; Jurado & Westoby Patterns of seed size variation 1992), defoliation (Armstrong & Westoby 1993) , and being covered by deeper soil or by litter (Gulmon 1992; Peterson & Facelli 1992; Vazquez-Yanes & OrozcoSegovia 1992) .
On the other hand, for a given quantity of maternal reproductive effort, smaller seeds are able to be produced in greater numbers. Seed size is thought to evolve as a compromise between these two counterposed selection pressures, more numerous seeds vs. seeds with a better chance of giving rise to an established seedling. The basic graphical theory for this trade-off (Smith & Fretwell 1974) predicts that for a species having given biological and physiological attributes and with its seedlings establishing in a given physical environment, a mother's allocation of her available resources to seeds should be optimal when all matured seeds are approximately the same size. Various factors can complicate the theory, but consistent with this basic prediction, seed size variation within species is usually relatively narrow, with CV's typically of 10-50% (Michaels et al. 1988) . Most of the variation that exists within species is not due to differences in the environmental circumstances faced by different mother plants, but occurs among seeds on each mother plant (Michaels et al. 1988; Obeso 1993) .
In different species, however, the compromise between more numerous vs. better-provisioned seeds has been struck at a remarkably wide range of seed sizes, ranging from the tiny seeds of the Orchidaceae (< 101 g) through to the impressive double coconut Lodoicea seychellarum (around 104 g) (Harper et al. 1970 ). Even within a plant community, seed size is known to range over several orders of magnitude (e.g. Baker 1972; Mazer 1989; Jurado et al. 1991; Westoby et al. 1992; Leishman & Westoby 1994c) .
Much of the variation between species is associated with phylogeny, for example family membership (Hodgson & Mackey 1986; Mazer 1989 Mazer , 1990 Rees 1993; Peat & Fitter 1994; Lord et al., in press ). This association is often attributed to phylogenetic constraint, and the view has now become widespread that it should be obligatory to extract variation associated with phylogeny, before analysing relationships between seed mass and other plant ecological attributes (e.g. Kelly & Purvis 1993 ; see also Kelly & Woodward, in press ). We consider this view is mistaken, and in the present paper the 'phylogenetic correction' is not applied. Our position is developed at greater length in a Forum article elsewhere in this journal issue (Westoby et al. 1995; see also Harvey 1995) , so the explanation that follows here is only a brief summary.
Phylogenetic and ecological explanations of seed size variation need not be considered mutually exclusive if we take into consideration an important evolutionary process, termed phylogenetic niche conservatism by Harvey & Pagel (1991) . Phylogenetic niche conservatism works as follows: lineages having particular constellations of attributes tend to be successful in particular niches, and in consequence their descendants tend to continue to have the same attributes and therefore to continue to occupy the same niches. Because of phylogenetic niche conservatism, much of the variation in a trait is expected to be correlated both with phylogeny and with ecology. Thus to treat phylogeny and ecology as mutually exclusive interpretations of variation is to draw a false contrast.
In a paper complementary to this one (Lord et al., in press), we have quantified the relationship of seed mass to taxon membership. Taking all taxonomic levels from class to genus together, taxon membership accounted for around 90% of log seed mass variation in each of six different floras. Three features of the data showed that much of this correlation with phylogeny should be attributed to phylogenetic niche conservatism rather than to phylogenetic constraint. First, some individual species had been able to diverge widely from their taxon average such that 'small-seeded' taxa often included a few species with seeds larger than the average of 'large-seeded' taxa, and vice versa. This wide divergence within lineages decisively refutes the hypothesis that some constraint intrinsic to the genetic inheritance of the smaller-seeded taxon has blocked its members from evolving towards the average of the larger-seeded taxon, but is consistent with a general tendency of small-seeded lineages to remain in niches favouring small seeds, as expected under phylogenetic niche conservatism. Secondly, much seed size variation correlated with taxonomic membership was also correlated with other plant attributes, showing the apparent conservation of sets of traits within lineages. Thirdly, patterns of divergence within some lineages were not consistent across datasets, suggesting the role of niche-divergence in trait-divergence, which is the logical complement of phylogenetic niche conservatism.
Because of phylogenetic niche conservatism, the question whether a connection between (say) larger seed size and vertebrate dispersal mode is in turn correlated with phylogeny or not, does not help one way or the other in assessing whether the connection has been shaped by present-day ecological competence. This is the reason why, for the analyses in the present paper, we do not first extract variation correlated with phylogeny.
To put the present paper in a more general context, we suggest that ecological research to understand the wide variation of seed size between species includes four independent though complementary questions. 1 To what extent can larger seed size be shown experimentally to support better seedling establishment under various environmental conditions? (e.g. Black 1958; Grime & Jeffrey 1965; Armstrong & Westoby 1993; Leishman & Westoby 1994a,b) 2 In what way is seed size correlated with the environmental conditions under which a species' seedlings naturally establish? (e.g. Salisbury 1942 Salisbury , 1975 Baker 1972; Foster & Janson 1985; Mazer 1989; Westoby et al. 1990) 3 In what patterns is seed size correlated with other components of the attribute constellation of plant species? (e.g. Salisbury 1942; Leishman & Westoby 1994c Lord et al. (in press ) is concerned. The statistical procedure is similar to phylogenetic correction, the difference is that the question is formulated in terms of present-day patterns rather than historical origins.)
These four questions are independent in that each can be addressed in isolation, but complementary in that before we can claim to have built a satisfactory overall picture of the evolutionary ecology of seed size, we need to answer each of them, and for the answers to be consistent with each other.
In this paper considering the third question, how is seed size correlated with other attributes of plant species, we use general linear modelling (GLM) to consider not only the primary correlations between attributes but also the overlap patterns among correlations, in other words the extent to which each correlation might be interpretable as a secondary effect via a third variable. We have previously (Leishman & Westoby 1994c ) analysed correlation patterns among attributes within a single flora, the semiarid woodlands of western NSW. The new contribution in this paper is to include five floras from three continents within a single analysis. The floras have not been selected with particular comparisons in view, rather the analysis has become possible over recent years as different datasets have been published for different purposes (Grime et al. 1988; Mazer 1989; Westoby et al. 1990 ; Jurado et al. 1991) . The significance of including several floras is that for the first time we can assess to what extent similar correlation patterns (adaptive attribute constellations) have been produced by evolution starting from different phylogenetic backgrounds, and in different physical environments.
In addition, differences in mean seed sizes between the floras can be measured. The physical environments of the five floras are obviously quite different. However, the physical environment has not been characterized in a comparable way for each flora, and even if it had been, one would need to know about the timing and location of seedling establishment for the species in each flora, in order to assess differences between floras with regard to the physical conditions under which seedlings naturally establish. These limitations severely restrict interpretation of how any seed size differences between floras might be related to the environment in which seedlings establish (question 2, above), and answering that question is not the objective of this paper. Nevertheless, the Discussion briefly considers to what extent our results are consistent with existing knowledge about the adaptive merits of larger seeds under different establishment conditions.
Materials and methods

THE DATABASES
Databases of five distinct temperate floras were used for the analysis, three from Australia (the semiarid woodland flora of western New South Wales, the arid flora of Central Australia and the flora of the Sydney region), one from North America (the Indiana Dunes flora) and one from Europe (the flora of the Sheffield region, UK). The five floras differ in their phylogenetic history, vegetation structure and environmental conditions for establishment (Table 1 ). The floras of western New South Wales and Central Australia are typical semiarid/arid communities, consisting of a perennial grass understorey with a mix of annual and perennial forbs, and an overstorey of scattered shrubs and trees. The western New South Wales flora included communities of three soil types (see for further detail), while the Central Australian flora included a number of habitats such as Acacia woodland, open woodland and floodplain. The Sydney flora consisted of two distinct communities: those of fertile soils (wet sclerophyll forest to rainforest) and those of infertile soils (dry sclerophyll forest and shrubland). Both the Indiana Dunes and Sheffield floras were largely herbaceous, although they contained a range of habitat types, including woodland, grassland, aquatic or flooded areas, roadside verges and disturbed land. The conditions for plant growth and seedling establishment differ markedly among the five floras. In the arid and semiarid floras of Central Australia and western New South Wales, opportunities for growth and seedling establishment may be limited by low soil moisture conditions in both cool and warm seasons, and they may remain limited for periods of time varying from several months to several years. In the Sydney flora, plant growth can occur at all times of the year, although it may be slower in the cooler months. Much seedling establishment occurs postfire. The two northern-hemisphere floras are characterized by a cessation of plant growth across the cold winter months, with a distinct spring-summer growing season where temperature is the trigger for growth and germination. The Indiana Dunes flora has a more continental climate than Sheffield, with a stronger and more predictable yearly temperature cycle.
The overlap of species between the floras was very low. Only western New South Wales and Central Australia had a substantial number of species in common (86 species). Sheffield and Indiana Dunes had a total overlap of 21 species. Otherwise the only species in common between the northern and southern hemisphere floras were those with a world-wide distribution, including wellknown cosmopolitans such as Capsella bursa-pastoris and Sonchus oleraceus.
Each of these datasets have been published previously in separate studies (Table 1) . However, some information was added for this analysis. For Central Australia, information on plant height from Jessop (1981) was added and diaspore mass was replaced with seed mass. For Sydney, more detailed information on plant height, growth form and perenniality was added, from Beadle et al. (1982) and Fairlie & Moore (1989) . For Indiana Dunes, plant height and dispersal mode were added to the database, using information from Peattie (1930) and Anon. (1974) , as well as from M. Willson and B. Rice (personal communication). This resulted in the following attributes being common to all five databases: seed mass, plant height (six Seed mass was defined as the weight of the embryo and endosperm, plus the seed coat. Structures having the function of contributing to dispersal were not included as part of the seed mass. Seed mass was log-transformed for the analyses as seed mass is log-normally distributed .
Species with secondary thickening were assigned to the growth form category 'woody plants'. Herbaceous species without secondary thickening were defined as 'forbs'. Grasses, rushes and sedges (i.e. species belonging to the families Cyperaceae, Juncaceae, Poaceae, Restionaceae, Sparganiaceae and Typhaceae) were classed as 'graminoids'. Climbers, twiners and vines were defined as 'climbers'. We assigned climbing species that had no information available on height of release of the seeds to height class 4 (1.1-5.0 m). Species from the arid and semiarid floras that are facultative perennials (able to persist for more than one year under particularly good conditions) were considered as annuals because at most germination opportunities they are present as a seed bank only.
Dispersal modes were attributed to species on the basis of the morphological features of the seed. Ant-adapted seeds were defined as those with an elaiosome, vertebrate-adapted seeds were defined as having an aril or flesh. Adhesion-adapted seeds had hooks, spines or barbs to assist attachment, while wind-adapted had wings, hairs or a pappus to provide air-resistance. Unassisted seeds were defined as having no obvious morphological structure which would assist dispersal. Seeds which float, or are dispersed in mud or by ingestion with foliage (see Janzen 1984 ) are thus classified as unassisted. The exception to this was the category of scatterhoarded. In the two northern hemisphere floras there were 12 species whose seeds are known to be scatterhoarded by mammals. Although these species have no morphological structures which can be used to define 'scatterhoarding', we felt that their natural history was sufficiently well-known to justify the use of this dispersal category. The Sydney and Sheffield databases contained a few species that had ballistic dispersal. Ballistic dispersal is difficult to determine when herbarium seed material has been used, as the ballistic mechanism is part of the parent plant. Thus ballistically dispersed seeds were classified as unassisted in order to standardize the databases. Some ballistically dispersed seeds also have an elaiosome for dispersal by ants: these species were classified as ant-adapted only, for the purpose of this analysis.
The five floras differed in their mix of growth forms, height classes, perenniality and dispersal modes ( Table 2) . The northern hemisphere floras were largely herbaceous while the Australian floras had a larger component of woody species. Consequently the Australian floras had relatively more species in the taller height classes. Annual species varied from less than 1% of the total of the Sydney flora to 46% in western New South Wales. The dispersal mode spectra of the floras ranged from predominantly unassisted and wind-adapted species in the arid and semiarid Australian floras to a relatively large component of antand vertebrate-adapted species in Sydney. Finally, only the northern hemisphere floras contained species with seeds dispersed by scatterhoarding vertebrates.
STATISTICAL ANALYSIS
A series of general linear models (GLMs) were fitted to the datasets, using MINITAB (Minitab, Inc. 1989) and SAS (SAS Institute 1991). Variables were fitted sequentially aich dmatF measured the proportion of log seed mass accounted for by that variable when considered first, when This analysis allowed us to test whether the plant attributes growth form, height, perenniality and dispersal mode were able to account for similar proportions of seed mass variation in each of the floras and how the seed mass variation accounted for by each variable overlapped with that accounted for by other variables. Thus we were able to test whether the associations between seed mass and each variable were independent associations or could be interpreted as arising from a secondary correlation via a third variable.
Secondly, one-way ANOVA was used to examine whether there were significant differences in mean seed mass among the five floras. A series of GLMs were then fitted to the combined dataset of all floras to test whether differences in mean seed mass among the floras could be interpreted simply as a consequence of shifting proportions of growth forms, height, perenniality and dispersal modes within each flora. F-ratios to test the significance of r2 were constructed as described above, assuming all variables were fixed-effects.
Results
ASSOCIATIONS OF SEED SIZE WITH OTHER PLANT
ATTRIBUTES
Seed mass variation associated with plant height, growth form and dispersal mode Firstly we examined how the variables growth form, plant height and dispersal mode accounted for variation in log seed mass. In three of the five floras, plant height or growth form accounted for the largest proportion of log seed mass variation (western New South Wales 30%, Central Australia 36% and Sheffield 17%) (Table 3) . There was a large overlap in the seed mass variation accounted for by growth form and plant height (western New South Wales 22%, Central Australia 22%, Sydney 18%, Indiana Dunes 16% and Sheffield 6%). However, in all floras, both variables could explain some small but significant variation in log seed mass after the addition of the other.
In each of the floras, dispersal mode was capable of accounting for significant log seed mass variation when considered first (western New South Wales 18%, Central Australia 12%, Sydney 32%, Indiana Dunes 45% and Sheffield 16%) (Table 3) . Indeed, in both Sydney and Indiana Dunes, dispersal mode accounted for the largest proportion of log seed mass of all variables. In four of the five floras, dispersal mode accounted for significant log seed mass variation independently of growth form/ height. Only in Central Australia was the association of dispersal mode with seed size explainable via the secondary correlation of growth form/height with both dispersal mode and seed size. We tested whether this result was due to a difference in how growth form, plant height and dispersal mode are associated with seed size in the Central Australia flora compared to the other floras, or was simply due to a lack of power, seen as a weaker association between seed size and dispersal mode in Central Australia. We compared Central Australia with western New South Wales (which is the most similar in terms of distribution of growth forms and dispersal modes) using twoway analysis of variance. There was no significant interaction between flora and growth form (F3436 = 0.37, P > 0.50), flora and plant height (F4432 = 0.36, P > 0.25) or flora and dispersal mode (F4432 = 1.00, P > 0.25). This suggests that there is no difference in the patterns of seed size associations with plant height, growth form and dispersal mode in the floras. Rather, the association between seed size and dispersal mode within the Central Australian flora is simply weaker, producing a nonsignificant outcome when tested after growth form and plant height. There are plausible reasons to expect that plant height should be strongly associated with seed size among species that rely on gravity for dispersal, while species that employ an animal-dispersor (e.g. ant-adapted, adhesionadapted, vertebrate-adapted and scatterhoarded species) should have a relatively weaker association between plant height and seed size (Leishman & Westoby 1994c ). Thompson & Rabinowitz (1989) similarly argued that the relationship between seed size and plant height should be strongest among species with no specialized dispersal mechanism, including wind-adapted species. Here, we follow the example in Leishman & Westoby (1994c) to test for a relationship between seed size and plant height. A series of GLMs were fitted to each of the flora databases, excluding species with unassisted or windadapted dispersal. Log plant height was used as a continuous variable as we were testing the hypothesis that there is a positive correlation between seed size and plant height, not simply an association. Among those floras where plant height or growth form was the strongest predictor of seed size with all species included, these variables remained the strongest predictor after the exclusion of unassisted and wind-adapted species (western New South Wales 28%, Central Australia 49% and Sheffield 48%). In the Sydney flora, plant height replaced dispersal mode as the strongest predictor of seed size when unassisted and wind-adapted species were excluded (height 33% vs. dispersal mode 28%). In Indiana Dunes, plant height accounted for 48% of log seed mass variation, compared to 58% accounted for by dispersal mode, when unassisted and wind-adapted species were excluded. Thus there is a consistent pattern among the floras whereby plant height/ growth form remains the strongest predictor of log seed mass, even among species with dispersal modes where the basis of such a relationship is unclear.
Seed size variation associated with plant height, growth form and perenniality A series of GLMs were fitted to the datasets of each flora, using the same protocol as for the preceding analyses, but employing the attributes growth form, plant height and perenniality with seed size. Plant height and growth form were chosen as variables in the analysis with perenniality as they were shown in the previous analysis to be consistently the strongest predictors of log seed mass. The Sydney flora was excluded from this analysis as only one of the 308 species is annual.
In all of the four floras, plant height or growth form explained the largest amount of log seed mass variation when considered first (plant height: western New South Wales 29%, Indiana Dunes 20%, Sheffield 17%; growth form: Central Australia 37%) (Table 4 ). In each of the four floras there was a large overlap in the log seed mass variation explained by plant height and growth form (western New South Wales 21%, Central Australia 23%, Indiana Dunes 12% and Sheffield 6%), although both attributes could explain some proportion of seed mass independently of the other. In three of the four floras, plant perenniality was capable of explaining significant log seed mass variation when considered first, although the proportion was much smaller than that explained by growth form or plant height (western New South Wales 8%, Central Australia 9% and Sheffield 2%). However, perenniality was not able to account for significant log seed mass variation after the addition of plant height and growth form in any of the floras except Sheffield, while both growth form and height could explain substantial variation in seed size after the addition of perenniality. In Sheffield, the power of perenniality to explain significant independent log seed mass variation was marginal, in that perenniality after height was not significant, yet perenniality after both height and growth form was (Table  4) . Thus there is a fairly consistent pattern in all floras: the association of seed size with plant perenniality can be interpreted as a secondary correlation of growth form/ height with both seed size and perenniality. (Shapiro & Wilk 1965) , Fig. 1 ). The range of seed sizes strongly overlapped among the five floras, with each covering at least five orders of magnitude. One-way analysis of variance showed that there were significant differences in seed size among the floras (F4, 16 = 16.48, P <0.001). Tukey's pairwise comparison of means (P = 0.05) showed that there were three groups of floras in which mean log seed mass was not significantly different: (1) Sydney and Central Australia; (2) Central Australia, Indiana Dunes and western New South Wales; and (3) western New South Wales and Sheffield.
We tested whether the difference in mean seed size among the floras could be attributed to the different mixes of growth form, height class, perenniality and dispersal mode among the five floras. A series of general linear models (GLMs) was fitted to the combined database of all floras, for each of the attributes growth form, plant height, perenniality, dispersal mode and flora.
Seed size variation associated with growthform There were differences in log seed mass among growth forms in each of the five floras (Fig. 2) . Mean log seed mass of climbers was largest, followed by woody plants, then forbs and graminoids. Growth form accounted for 20% of variation in log seed mass when considered first (Table 5) , which was reduced to 17% when considered Patterns of seed size variation after flora. In contrast, flora accounted for only 4% of variation in log seed mass when considered first and 1% when considered after growth form. Most importantly, the interaction term growth form x flora accounted for significant log seed mass variation when fitted after growth form and flora (r2 = 0.02, F12 1634 = 3.58, P <0.001), showing that the pattern of association of seed size with growth form differed to some extent among floras. In order to determine how the association of seed size with growth form varied among floras, each flora and growth form were excluded sequentially from the database and a series of GLMs were fitted to the modified dataset. Only the exclusion of the graminoids, and the exclusion of Sydney, reduced the interaction term growth form x flora to a nonsignificant level (graminoids excluded: F8 1293 = 1.90, P > 0.05; Sydney excluded: F9 1330 = 1.10, P > 0.25). From Fig. 2 it is clear that graminoids in the Sydney flora have a larger mean log seed mass than the other floras.
Seed size variation associated with plant height Seed size was strongly associated with plant height in each of the floras (Fig. 3) . In all the floras mean seed mass showed a general increase with plant height up to 10 m. However, in the three Australian floras, there was a tendency for mean seed mass to decrease in the > 10 m height category. Height accounted for 20% of variation in seed mass when considered first, which was reduced to 18% after flora was included (Table 5 ). Flora could ac- count for only 4% of seed mass variation, which was reduced to 2% after the inclusion of height. However, the interaction term plant height x flora accounted for a significant 1% of seed mass variation. Thus, although plant height accounted for a much larger proportion of seed mass variation than flora, there was still a significant effect of flora after height, and the pattern of association of seed mass with plant height differed significantly among floras. We tested whether the pattern of association of seed mass with plant height was significantly different between the Australian floras and the northern hemisphere floras. The three Australian floras were grouped together to test whether the interaction of height class x flora was significant when fitted after both variables height class and flora. The interaction term did not account for significant log seed mass variation (F10734 = 0.95, P > 0.25), indicating that there was no difference in the association of seed mass with plant height among the three floras. Similarly, there was no difference in the association of seed mass with plant height between the two northern hemisphere floras (height class x flora: F5823 = 1.56, P > 0.10). Each height class was then excluded sequentially from the analysis of the database of all floras combined, in order to determine which height class was responsible for the difference in the association of height with seed mass among floras. Only the exclusion of both height classes 4 (1.1-5.0 m) and 6 (> 10 m) reduced the interaction term height class x flora to a nonsignificant level (r2 = 0.01, F121108 = 1.46, P > 0.10). From Fig. 3 , it is clear that the Australian floras generally have larger mean seed mass for plants 1.1-5.0 m tall, and smaller mean seed mass for plants > 10 m than the northern hemisphere floras.
Seed size variation associated with plantperenniality
Seed size was significantly associated with plant perenniality in the five floras (Fig. 4) , with seeds of annual species generally smaller than seeds of perennials. When perenniality was considered as the first variable in GLM, it accounted for 3% of log seed mass variation (Table 5). Perenniality considered after the addition of flora was able to account for a significant 2%. Similarly, flora could account for a significant 4% of log seed mass variation when considered first, and 3% when considered after perenniality. However, the interaction term perenniality x flora was not significant (F4 1649 = 2.3, P > 0.05). Thus both perenniality and flora are able to account for a small but significant amount of log seed mass variation independently of each other, but there was no difference among the floras in the pattern of association of seed size with perenniality.
Seed size variation associated with dispersal mode
Seed size was significantly associated with dispersal mode (Fig. 5) , with the smallest seeds found in the unassisted dispersal category and the largest scatterhoarded. The GLM analysis showed that dispersal mode was able to account for 29% of log seed mass variation when considered first and 27% when considered after flora (Table  5) . Flora accounted for 4% of log seed mass variation when considered first, and 2% when considered after dispersal mode. When the interaction term dispersal mode x flora was fitted to the model, it accounted for a significant 3% of log seed mass variation (F17,1392 = 4.22, P < 0.001). Thus the pattern of association of seed size with dispersal mode is different among the five floras.
Does this difference in association of seed size with dispersal mode result from differences between Australian and northern hemisphere floras, as found for the seed size/height class association? When the two northern hemisphere floras were considered together, the interaction term dispersal mode x flora was significant (F5658 = 2.83, P < 0.025). Similarly, when the three Australian floras were considered together, the dispersal mode x flora interaction was significant (F8734 = 4.85, P < 0.001). The difference in the pattern of association of seed size and dispersal mode therefore lies in a difference amongst both the three Australian and two northern hemisphere floras. We asked firstly which of the three Australian floras were different from the others? A series of GLMs were fitted on subsets of the database which included only two of the three Australian floras. The interaction term dispersal mode x flora was significant for the comparison of Central Australia with Sydney (F4492 = 7.16, P < 0.001) and western New South Wales with Sydney (I?4s5 = 5.24, P <0.001), but not western New South 
FLORAS
Patterns of associations of seed size with other plant attributes provide an insight into the likely selection forces operating on seed size. Previous studies have looked at the correlation between seed size and single plant attributes (e.g. growth form (Salisbury 1942; Baker 1972; Mazer 1989; Jurado et al. 1991) , dispersal mode (Sorenson 1986; Primack 1987; Jurado et al. 1991) and longevity (Baker 1972; Silvertown 1981; Thompson 1984; Jurado et al. 1991; Telenius & Torstensson 1991; Rydin & Borgegard 1991) ), or the correlations between seed size and several attributes within a single flora (Leishman & Westoby 1994c) . The aim of this study was to examine to what extent seed size associations with other attributes, or the attribute constellations of species, are consistent across The associations between seed size and other plant attributes found for the semiarid woodland flora of western New South Wales published in a previous paper (Leishman & Westoby 1994c) were found consistently in the four additional floras examined here, despite large differences among the floras in climate and phylogenetic history. Plant height, growth form and dispersal mode all accounted for significant variation in seed size independently of other variables. There was a large overlap in all floras of the seed size variation explained by height and growth form, and these factors combined were generally the strongest predictors of seed size. In four of the five floras, plant perenniality was associated with significant seed size variation when considered as the first variable. However, in each of the four floras, plant perenniality was not associated with significant seed size variation after the addition of plant height or growth form. Thus the correlation of plant perenniality with seed size can be explained most parsimoniously as a result of secondary correlations between plant height/growth form with both seed size and plant perenniality, in all floras. It is likely that the correlations between seed size and plant perenniality reported in other studies (e.g. Baker 1972; Telenius & Torstensson 1991) could also be understood as secondary correlations via plant height/growth form.
There were several other patterns found consistently among the five floras. In all floras, seed size increased from forbs and grasses to woody species and climbers. Early work by Salisbury (1942) and Baker (1972) also detected the pattern of an increase in seed size from grasses and forbs to woody species. Rockwood (1985) found that seeds from tropical herbaceous vines were comparable in weight to those of herbs, while seeds of woody climbers were comparable to those of shrubs. In the five floras analysed here, a large proportion of the climbers were herbaceous, yet their seeds were consistently found to be larger than those of any other growth form category.
Another consistent pattern was the surprising result that plant height showed the strongest association with log seed mass when species with unassisted and windadapted dispersal were excluded from the analysis. A strong positive correlation between seed size and height of release would be expected in species which rely on wind or gravity for seed dispersal (Leishman & Westoby 1994c ). However, we can offer no satisfactory explanation for why species which employ animals as dispersal agents should show such a correlation.
THE RELATIONSHIP BETWEEN SEED SIZE AND
ENVIRONMENT
The five floras compared here present a remarkably consistent picture. In all five, variation in log seed mass between species is very large, relative to variation between the floras. This is quite surprising, considering that many hypotheses about the merits of larger vs. smaller seed size treat large seeds as adaptations for overcoming various kinds of difficulties during seedling establishment . Several comparative studies have shown associations between large seed size and shaded (Salisbury 1942 (Salisbury , 1975 Luftensteiner 1979; Ng 1978; Foster & Janson 1985; Mazer 1989) or dry (Baker 1972; Schimpf 1977; Sorenson & Miles 1978; Lawrence 1985; Stromberg & Patten 1990 ; but see Mazer 1989; Telenius & Torstensson 1991) habitats. The floras compared here are distinctly different vegetation types, with distinctly different soils and climates, and presumably presenting different kinds of problems for seedling establishment; accordingly an obvious expectation would have been for a great deal of variation in mean log seed mass between the floras. This was not found. Might the inclusion of different local habitat-types within each flora have obscured the importance of habitat-effects for log seed mass? The answer is no: Mazer (1989) found that habitat could explain only a relatively small proportion in Indiana Dunes; similarly there was little difference in mean seed size between soil types in Sydney (Westoby et al. 1990 ), western New South Wales (Leishman, unpublished) , and Central Australia (Jurado 1990) .
We found that the attributes plant height, growth form and dispersal mode were able to account for 31-52% of variation in log seed mass in the five floras. In studies when further variables (beyond plant height, growth form and dispersal mode) have been taken into account, the capacity to account for variation in log seed mass has not increased much. Mazer (1989) was able to account for a maximum of 44% of log seed size variation within the Indiana Dunes flora even when eight variables were included (family, habitat, water/light availability, life history, onset of flowering, duration of flowering, native vs. alien status). Leishman & Westoby (1994c) included seven attributes for the western New South Wales dataset (growth form, plant height, perenniality, dispersal mode, germination time, dormancy, dormancy mode), yet still only accounted for 49% of the total amount of seed size variation. In other words, the other variables considered in these studies either were not associated with a large proportion of log seed mass variation, or the variation they were associated with overlapped with variation associated with height, growth form and dispersal mode.
Thus, rather more than half of the variation in seed size among plant species remains unaccounted for. Although we know that seed size is related to ability to establish (see Introduction), the enormous overlap of seed sizes between floras with quite different environmental conditions for establishment, suggests that differences in establishment conditions are not the primary source of this unaccounted variation. Rather, seed size appears to be most strongly associated with other plant attributes. A wide range of strategic solutions (seen as different adaptive attribute constellations) to the problems of seedling establishment seem to coexist within each vegetation type, reflected in a wide range of log seed mass. The height/growth form combination is consistently the best single predictor of seed size. The log-normal distribution Patterns of seed size variation of seed masses suggests that outcomes are affected by a number of factors, acting multiplicatively. We have yet to understand why log seed mass should be so strongly related to height and growth form, and what plant attributes might be related to the variation as yet unaccounted for. The consistency of the patterns observed between different floras suggests that consistent causes are likely to be operating.
